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A statistical analysis of the cement content of
plant-mixed Cement Treated Base is reported. Three
construction projects in different aveas of California
were sampled and the test results analyzed.

It was concluded that the current requirements
cn the cement content are restrictive and are not being
met; howcver, the compressive strength of the materials
and, consequently, the quality of the CTB is adequate.

Revised cement-content control limits are

proposed and a specifie frequency of testing and use of

. control charts are recommended.
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INTRODICTION

With the trend towards the statistical approach
to quality control in highway construction, the California
Livision of Highways, in.cooperation with the Burecau of
Public Roads, is enzaged in a project to study various
materials. This project consists of (1) evaluation of
existing control pcocedures through statistical surveys,
and (2) preparation and evaluation of some trial statis-
tical specifications for various construction materiais.
Test Method No. Calif. 338, '"Determination of Cement
Conten® in Cement Treated Aggregate by the Method of

Titration', was included as one phase of this project.

|l

‘“his report, which is an interim report for the larger
rescarch study, is limited to the discussion of this onc
test wmethod.

Test Method o, Calif. 338 was adopted in 19060
by the Celifornia Division of Fighuays as a weans of

contrelling the uaiformity of mixing and distribution ol

cerent in Cement Treated basc (CT8) wvaterial duving

construetion. The lack of a rapid ficeld test priov to

this time :ade it diffjcult and often nont LO itpossible

* - OO TR S e
to cheoll Cuenet quaniity and Jdistribataion, I'ihd. test

r . HES S NP H I
aovhod actuilly conaiats ol oo GEFTeren tirratioen

pro CrTie s wy. o . oan agfdet cse ULETaLLon praveriy ey,
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acid; the second, a constant neutralization mathod, nust

be used when aggregates are encountered which do reacti to

hydrochloric acid.

CONCLUSIONS

It is concluded from the data gathered in this
study that:

" 1, The Titration Test as described in Test
Method No. Calif. 338 is accurate and
reproducible for determining the amount
of cement in a sample of Cement Treated
Base,

2., The procedurc followed when sampling
Cement Treated Dase, particularly from
a windrowr, 1s very important. Erroncous
test data will, of ccurse, result f{rom

non~representative samples. However,

1
vhen the sampling is done properly, very
little sanpling variance is introduced

into the final test resulls. Less s plin

erro. 1o introadaced when obLaininge warnles

H i . PR H . A
foor wateriol Whiicn has posned throngsh 3
sovoader Lo thoan e o st fron o winarog,
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3. Based on this study, the variation of cement
presently allowsd in California specifications
appears to be too restrictive. The absolute
requirement is not always being met even on
well controlled construction projects.

4, It is concluded {(from the job control
compressive sfrength records of the threce
projects studied) that sufficient cement is
being used to compensate for the variation
in cement distribution.

5. Due to testing and sampling errors, the data
recorded for Project Two are not representa-

tive of the actual work done on the projecct

and do not represent the accuracy of the

-
test method,
SAMTLINIG AND TRSEING
The sampling and testing plan used for this
research was cssentially the plan prescntcd to the various
o 'R el et N [ AT 4
state highway depivtiments by the U, S, buresu ol Public
) T oy - 1 i e o 1. . LI T Fal : o
Roads through theiv regiornl workshops. 6 full details
N . Ll s + 3t Yy
of this St!!tigtlcdl survey outline may Le rtoma in ¢t e
reference 1 o 2.0 Iu gemeral, it consinced of rundolly
t -

ElirhPDFE=wyw . fastio.com


http://www.fastio.com/

locating fifty sampling locations on each of three projects;
taking two independent sawples at each testing location;
and splitting the samples for independent tests on each
sample portion. Thus, a tgtal of four results were avail-
able for each sampling location. The duplicate samnpling
provided a measure of the varilance in the sampling process
and the duplicate testing on each sample provided a mecasure
of the reproducibility of the test,

At the beginning of this project, it was obscrved
that some of the personncl assigned to do the sampling had
the misconception that a random sample is a haphazardly
obtained portion of the material taken at some unscheduled
location. On the contrary, a random sample must be taken
with care and accuracy and at a location spcecifically
chosen by an accepted random procecdure. For this study a

table of random numbers was usced to randomly deteraine the

sampling location.

Thyroe construction projects w.iv, planc-ndoed
Cemont Trested hasce wore celentod Tor tris stuade, Yhe
mixing, handling anu 5. dins ool <11tk
equipy b, daiffcood to ! : t SR :

ClibPD
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Project One:

Cn Project One a 3,000 pound Barber-Greene Pug
Mill was used to mix the aggregate and cement. 7The mined

[

material was hauled to the job in bottom dump trucks,
discharged into controlled windrows and spread vith a
paving machine. The diagrem below will help explain the

sampling procedure used,

Cross-~8ection cof VWindrow

b - — T T .
Sample 1A v Sample 2A

Sawmple 1B

Sample 25

After removing the surface material, sanples
were taken at each toe of the windrow aad a2t cach of the
top edges. Samples 1A and 1B, shown on the diagraw, were
combined and then split to make tvo test samples. This
procedure was duplicated on the oppozite side of the

windrow. he acid-base titration test mcthod was uscd,

Al

A continuons feed Parber-Creonc Model §75

Seabilization Mimer was used on PFrojeect Two.  After nixing

S 1,00 Y e on T R L. : ~ g
the material vis Paled te the voncwy Inopellos onmp

. DR S R N . 37 2 £ e 1 v

ceacks and discebarvp ol vy RS P s L oo o
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this job, sampling was done by hand scooping the material
from locations across the windrow. The material on this

project was dumpcd into unsized windrows and later brought
to grade with a motor grader equipped with a speecial
blade. Duplicate sawples were taken from tuo points along
the windrow at each selected location. The distence
between duplicate samples was norwally about two feet but
varied up to five feet., Fach of the duplicate samples was

split into two test samples. The constaut neutralization

test method was used.

Project Three:

- The CTB on Project Three was mixed in a
Heatherington~Berner continuous plant, hauled to the
streel in end dump trucke, and dumped directly into a
spreader box. Samples were taken after tho material was
spread on the voadbed, but beflere compaction. Testing was
according to the constant neutralization method.

On each of the threo projects, the longitudinal
locations for obtaining sarples were randomly chosen. On

.

Project Three, vhere the mrterial wis sanpled after being

-

spread, the lateral loecations wovre alse solected randoaly,
ad, the late ocatl

14 serionoe Los o shvy Lhvad Coich oFf
Constiuction experionsd .00 80 Ch Cooox

-

thie wackines uscd vu these proiccis Lo

" ClibPD
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capable of adequately batching and mixing if operated
properly. It is important that adequate sampling be donc
to determine the efficicney of the mixing equipment as
well as to check the amount of cement being added to the.
aggregate. A sampling procedure for determining the
efficiency of mixers is inclucded in Test tiethod No.

Calif. 338,

ANATYSIS OF DATA

The range in cement content varied from project
to project but the overall average content on each projecct
vas very close to the amount specified by the Fnginecer for
the particular project,.

The initial analysis of the test data on Projecct
Twe indicated that cither the sampling-testing precedures
were in errer or there wis extremely poor control cof the
cement distwibution. As a result, o re-evaluation of the
test dats from this prcject was undevtaken and this revesled
that the preblem wos in the sawpling and testing proceduscs,
On the basia of the subscyuont re-evaluation, cerrain teoi
results were diccarded and the adjusted d-ta proesented in
thie repor: as projeet Two-ldjusted.  This ve-covaluation is

+

disenencd in et 41 dn Sppondix

ClibPD
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The design of this experiment provided an estimate
of the variance introduced by the testing process, the
sampling process, and the variance inherent in the material
being tested. The amount - -of variance attributed to each of
these sources is shown in Figure 1. The small amount of
variance attributed to the testing procedure indicates that
the test method is reliable and reproducible.

The variance introducad by sampling is about ten
times greater for Projecis One and Two than fov Preject
Three. As was discussed under '"Materials and Procedures"”
of this report, samples on Projects One and Two were taken

roa

from windrows while samples from Project Threc were taken
from in-place vncempacted material. Although it is not
possible to draw definite conclusions from the liuited
information available, this study deces indicate that less
variance is introduced when sampling after the agpgregate
is spread.

Among the sources of variance, the actunl
varvintione in the cemeni conteat is by far the groatest
sinele source., The extent ef this varimer difers greoatly

from project to projeoct ds seen in Pigure 1.

°

C\\:)Pﬁ
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DISCUSEION OF FPRIUSENT CONTROI, PHOCERULES

According to the 1964 edition of the Standard

Specifications of the California Division of Highways, the

cement content of plant-mixed CTB is not to vary from the
cement content designited.by the Engineer by wmore than

0.4 percent based on the weight of the aggrepate. The
histogrsm presented in Figure 2 shows the range of cement
content and the distribution of results for the three
projects,

The basic premise of this study is that all
gamples were obtalined from presently acceptable construction.
£11 material inclucded in this survey was accepted by the
Resident Engineer using independent inspection and tcsting
procedures. The sampling procedures used for this iavesti-
gaticn were the szue as those used for construction contyol.

As showm in Figure 3, approwimately 31 pevcent of
the Cis placed on Preject One did not wmeet ihe - 0.4 percent
requircsent.  COn I'reject Two, after adjusting the data, it
vags found that appronimately 46 percent of the material g
beyoend this Jimitation. On Projeet Thieo only 15 perzent
was found to cueeed this regquirement.  dnesce volues wore

haced on thi~ caleuloted stand:rd devintion and the ansnaption

Ll al ieee = cte sl oo o vty diltribuated.

www fastio.com
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Routine test results, gathered independently of
this study from many projects throughout the State since
the adoption of the test method, show a reduction in the
overall variation 'in cement distribution in CTBE afte:r the

\

adoption of this test. Figure 4 demonstrates this improve-
ment. Presently, approximately 20 percent of all routine
job control tests fall beyond the specification limits,
that is, outside of - 0.4 percent of the intended cencnt
content. Thesc, of course, werc not randomly selected
samples., The random samples tzken for this survey indi-
cated an average of 30 percent outside the limits for the
three projects studied. -

Both the test data gathered for this study and
the distributioa shown in Figure 4 indic.te that the
present requircments on the cement content for €T3 are
not being completely met, On each of the three projects,
all the normal field control tests of scven day conpreisive
strength were above the 400 pounds psi cosign strenpth.
This indicates that cenent content iz bolng sel high
enough to assure sufficient strenrth, thes co pennatis
for the variation in paorcoent af (e vnl.

There are two rel tted voriabhlen thoor o shooeald Lo

PR o et
L

1 v ogryryd oren Y ;
considered in the contral o

.
3
-
~
‘
-~
~

R . Pt e § e e :
relaxed providing clditionnal el
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for the increase in variation, thus assuring that winimum
design standards arc met. Since both cement and control
cost money, there is a balance point betwecen these two

where costs are minimized. The exact determination of

this point is beyond the scope of this study.

PROPOSED CONTROL PROCEDURE

Since the limited deta of thie study indicate
that the present limits for control of cement content arce

»

restrictive, it follows that thc acceptance range for the

individu test results should be increased. The curves
ed in Figure 3 shew the percent ol material on each

plotte
of the three projects that would be out ol specifications
at vavious assumed acceptance limits. Even thoogh cach
of these projects was considerva to represcnt aceoptable
construction, it would not bz practicable to estiblish o
1limit which vould ¢ncompiss o1l of the toest results
observed., An 2liowsblo voriatien of - Q.3 porcent waud
inolude noarly all of wnc watersial pl ced on Projucts v
and Three huat wenld still leoove cnprotizalely Tooperonnt

4

of the nateria

CM)PD
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An allowable variation in cement content of + 0.8
percent is a reasopnable limit which would ineclude nearly all
of the material placed on a properly controlled constiuction

project. To suddenly increcse the limits by this amount

without zdding additional restrictions could result in a

reductionu in quality. In order to prevent this, it is propos

that an additional control be established by specifying that
the average of four test results not vary by more than - 0.4
parcent from the intended cemont contcnt.(1) The variation

in test data, which is obtained by averaging individunl

. . ) . (2
random results, is reduced according to the relatlowshlp( ),

Oz = g . The reduction in variance is apparcnt to some

Vn
extent in the control charts of Figure 5. The effect would

be even more apparent if the four individual results miuiing
up each average represented four separate Jocations rather
then feur resalts from one location.

The schedule for the test method is so arranged
that fouyr tests can be porformed in approxirately the sone
time required fox one test; therefove, four tust results con

be obirainzd each time the mabterid

o
p
—
-
941
~
N
s
f.‘
(Y

(iff}f::;;::é;; of fovy inde ;L=zﬂLw;t teLt ovor s v T

EYei, noL & mMovIng oVors -

2 &sz‘ Lo Stond NG vyTer, ofF L} ton = RIS

the moean, : ) Lt
(o) = gl atandored doericbion o ' P . :
(n)-= o wesle gige, M SR

P
SR
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As explained in Appendix A, regardless of the
method used to obtain the sawples, it is important that
the sample be drawvn very carefully so that the gradation
of the sample will be freasonably consistent with the
overall gradacion of the material.

With these points in mind, it is supgested that
present specifications be changed to the following intent:

1. One sample should always consist of foux
observations or sub"samﬁles.

2. The limits for test result on any individual
sub-sauple should be changed from the

present -F 0.4 percent to + 0.3 percent

from that designated by the lngineer.

3. The limits of the average conent countent

of a sample, as detervained by avevaging

the four sub-surmple results, shell be
10 limits of < 0.4 vpercent from
b The Nesident Dnsivecy ahould hove the

prevogative Lo accept, vojuct, or carrect

. e et
the Ceuvent Troovted Drac waen an fudivicdusd

1 : -7 - : e Lo
reaule 19 cuooride the by ittt bl
pey dne proaviaong Ll i.ouittia
L' C'.‘_): ')I - \. { 1 A

CH})PD www fastio.com
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CIihPDF - vin

In addition to the proposed changes of actual

control limits, it is also suggested that a more definite

[ L i)
frequency of sampling be established. Presently the
California Division of Highwavs Censtruction Mznual

requires that sawples be taken "as necessary for control',

in order Lo assurg proper control, it is suggested that

Lo

1

the frequency of sawpling be regulated by the degrec of

operaticnal control indicated by receut tests. A suggested
frequency level schedule is given below. On any projec
sampling chould begin at Level 3 and progressively decreasc
to Level 1, To allow a decrease in szwpling freguency, the
Enginecy must be sati ¢d that the distribution of cement
is being satisfactorily coatrolled. A minimun of two
consccutive samples taken at Level 2 or 2 could provide

this assurance.

Level 3 -~ two or more sizmples pev day

]

Level - one sauple por day

Level 1 - one sample per week

b

1f any semple fails to wect the specifications,

the frequency cof testing on subsequent Ly piaced material

A r vy et —~ g -
should ba increascd repardlons of any action by tio
Contractor to adjust his cooralicn or ropiacs or Lrrove

2 - T - . 1
the put-elegspeerifigation Lalorias
1!

W fastio.com
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The overall average cement content on cach of
the three projects stpdied was almost exactly the amount
specified for the respacfive project, therefore, too wuch
cement at one location would indicate inadeguate wixing
and a deficlency at sows other location. Thus the same
restrictions should be applied to both the upper and
lower limits.

In order to use the suggested procedurcs
effectively, the location for obtaining a sawple must be
selected by some acceptable random sampling procedura,
Fach sawmple should consist of four observations, or
sub-samples, obtained according to a pattern vhich will

provide acdequate test results to evaluatc both the

=-
[
'a)
o
-
’._4
s

transverse and longitudinal distribution of t
The most desirable tiwe of saupling is after

the material has passad througl: the paving michine ov
. - - RPN AT ey oy oy Y rratoony oat

spreader box and bafore compaction. Sarpoos Uaoon ac

this tim= will clocel the conbined ef Tieieuey ol the

I S T S, T om Yepg e s e : JEI
mixer and paving @oohine. 13 & Larie Vi Lion .
y A e Y e R T TR R I S
between Che subh-ninplos, 10OJY : .
1. -~ PR R T "' - ) T
be necessayy to Laxe 7l ial (\.-7.. PG DN I ;

ordeyr o isolate €
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APPENDIX A

Re~cvaluation of Project Tws Test Dita and
Special Study of itaterial Used on Project Two

The initial analysis of the test data from

Project Two indicated that 54 percent of the test results

did not meet the specifications for cemsnt content,
Because of the extremely wide range in cement content,
a special additional investigntion was undertaken to

re-evaluate the test data and determine the source or

sources of the observed varietions., The object of this

additional study was to explore some of the variables

which could have affected the test data and caused the

high incidence of out-of-specification tests on this
project (Test Method No. Calif. 338). Three main
sources of variance were revealed:
1. Establishing the standard curve for
Jdetermining the cement content. (It
was learned that the standard curve
had not alwiys been established by the
same technician who porforaazd the

tests.)

D

. Poor sampline or sample preparation.

3. Actual Jdifferences in the tested miberial.

C\mbl)

www fastio.com
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Testing #nd Analysis of Data

In addition to the re-evaluation of the projecct

data, five samples were procured frow various locations

within the same commercial material source which supplied

: aggregate for counstruction. These samples were processcd

and tested in the Headquarters lLaboratory of the Miter

als

e

and Research Department.

The five samples from the source were f{irst

prepared and subjected to routine grading anilysis and

sand equivalent tests,

cousi

These data are presented in Table 1.

+

The six main objectives listed below were

+

ered iu this additional study based on tests on the

samples shown in Table

1.

Dztermine the
with material
same pit.

Determine the

due to change

1:
differecnce in test results

from various points in the

difference in test results

5 in the curing peciods

(1/2 and 1 hoar selected as extrone

values). MHormal field tine betwoeen

nixing ond te

Loternine the

. - - Y - .
eting wes sbhout 1/2 houre,
-
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4. Determine the difference between operators.

S. Datermine accuracy of test on simulated
fieid samples (3,000 grams) with varying
percentages of Eement.

6. Determine effect of grading on test samples.

The experiment was designed using analysis of
variance. Objectives 1, 2, and 3 were studied using the
statistical method and Objectives 4, 5, and 6 were

handled separately.
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TABLE 1

Site Samples from Project Two Materials Source

66 - 1749

66 - 1750

66 - 1751

66 ~ 1752

66 -~ 1752

0ld Stockpile
in Place Since

Spring 1965

(A)

Stockpile
Being tlade
. 465
(B)

North End
of Quarry
()

Center of
Quarry

(D)

enter ol
Quarry

(1)

3/4
1/2
3/8

16

30
50 |

S

C'r‘U“..!‘_:" (,E .

i
e b =

100 ¢
200

As Rec'd

100
98
86
67
40
28
20
15
12
10

8
35

As Rec'd

100

As Rec'd

100
98
94
81
63
56
49
34
22
13

(833

Ls Tec'ds

100

As Rec'dw
100
05

- R 3 LN N T -3 r
LThe retained ene-inch sicve vaiterial of
G oreensohined, ot raptaas ont
Toan N
01(‘ LY :)].L' N A

SLove Frus s
Coinoveryiee

1io ..

[
-0

. 6h-1759
w et o

Jonranty Lt

o
b i

¢
1

hiese semples was
vsis on the various
< 1751, indizntc
<bout 30 to 160 percent.
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Objectives 1, 72, and 3: Differcnce Between
Material, Curingz Periods and loisture Content

In this analysis, the term "is or isc not significant"
means that the treatment, change in moisture, curing time,
etc., did or did not éignificantly affect the tesr results at
the 95 parcent confidence level,

The data was collected in a random manner to climinate
uncontrollable ox unknéwn veriables such as eqguipment relicbhility
and operator effect. The data is shown on Table 2 and the
analysis on Table 3. The following conclusions were drawm frow
this data.

1. The samples cowe from three different pepulations,

(A), (B and C), and (D and E), scc Table 1.

2. Moisture is not a significant voriable betwoeen

6 and 8 percent.

3. Loosc curing time is not a significant vgriabic

between 1/2 and 1 hour.

L. Interaction between samples and moistnure is not

6. Tateraction betveun loe.se curiag tiree and

, P
oL sture i not Poanlt ceant
L AP 51 R I G o
- 1 - + '
7 [rmrov~otinn Lot oen o oples. Toore curinge o ,
* - . +-
and I Do ool rreaind
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Objective 4: Differcnce Detwvsen Operators

A review of the test date accumulated during
: ceonstruction of Project 1wo revealed that in rany instances

the field control tests were performed by one technician
while the calibratioh curve wis determined by a second
technician. The data from tests perficrmed by the field
personnel on Project Two have been separated into two
categories: one where the calibraticn curves and ficld
tests were determined by different technicians, and the
other where the same technician performed both portions
of the test. These data are plotted in Figurc 1A and
skhow that when the calibraticn curve and field tests are
performad by one operator, the tests are more consistent.
Approuimately 70 percent of the tests were out of speci-

f T 1
[

fication when the curves and tests were determing

~

Ly
different operators, while 40 percent® were out of speci-
fication when the sauage operator mide both deteraminitions.

Laboratory tests olse iadicated thait a considerable

)

cifference in test results can develep when duplicite tests

on this miterial are performed by ditffereat opevyitors.

T e '

IR n velue-b o sed on o totu

value in Yuiscucsicon of or

wia caleulated on the :

distributed o Ty
1

stanc
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A second operctor (B) pevformed cduplicate tests
on the five pit sarples discusscd gbove. A comparison of

test results Ly the two operators is presented in Tavle 4.

TABLE &

i

Yercent Ceomont Used

ls. of Acid Used in Test

66-1752 | 66-1753
82.6 | 63.1
56.8 | 56.0 | 58.8 | 51.3

———— — e < —— 4

66-1745 | 66-1750 | 66-1751

Cperator A 74.5 65.6 4.5

el
L
~J
wn

Jperator

Operator A-Bach resnlt is the avevage of 8§ tests. (From
Table 2)
Operator B-Rach result is the avorage of 2 tests.

This data in Table 4 show covsiderable difference
between samples of the material when the titration test s,
performed by Operator A, out results by Cperator U do net
show a¢ great a difference betwvooen the samples.  The
differeuces, however, betwoen Oueretorss Loand B oare quite
large. The final recsules obtatued by the different

operatoys combare Favocraniy Vhan Cach operacol Sorp et s

© h -
LS & covnrinon, bhe Piooaind G 'R .
i N e -
tabulation of mis. of cord e son e ving ot cnli-
bhula .
T :
beation curve LU P b v
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TABLL 5

5 Percenk Cement Uscd

9 1lm 54 |G- 16-64 |9-17-64 | 10-2-64 |10=27-64 |L1wbmGr)

Operator A| 61.7 64.3 59.0 60.0 56.90 56.5

9-15-64110-1~64 1 10~5-64 110~24-64;11-23~064

Operator B 58.5 69.0 67.5 64.5 £1.0

Objective §5: Tests on Siwulated Field Samples

Table 6 shows results of tests pexforwed by
Operator B on laboratory prepared simulated field samplces
(5,000 grams) broken down to 300 gram test samples. Two
test specimens were proportioned from each 3,000 gram

sample in all but three cases.

R A R |
Planned Cement | _by Titratqu,u_?,Cemvntn
B T e .
Test No. Content % Sample 'L 3 Sample * 4
66-1749 3.0 2.8 ' ---
i
¥
. C : AN
€6-1751 4.6 4.1 4.2
3.0 2.9 i 2.9
358 | 3-6 ! ..’.6
l 1
i - e
66-1752 3.8 3.5 |
3.0 3.0 o
4.6 l 4L, 9 5.6 l
|
3.7 3.6 |
66-1753 3.8 3.4 | b
4.5 1 P9 R !
,ort N W4 - “ ;.1‘, ! t I \,r
rhe drta are plettzd Yo rald o iy ] .
5 vas less than - (),f, 1. UCy ik Qf Lo . i -.(g oLt
- . P P = Ve

contentl. dhere were no Uooes oot
¢f the ploancd coucnt con’ o

CIihPDF =W fastio.com
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Objective &:

Examination of thie test data indicates considerzble
difference in the porcent passing the 3/8 inch sieve betvcen
calibration curves and ficld samples.

The grading in itself vill not affect titration
test results; hovover, poor sampling and/or sawple prepa-

retion caun hinve a noticesbile effect.

b

To illustrate this peint, 4 percent cement was
mixed in a 3,000 grom sawple of whiich 51 percent of the
material passcd the 3/8 inch sieve. During the 300 gram

test speciwen preparation, a perticn of the matericl was

. deliberately mispronorticnaed so that 41 percont passad the
J i i } }
3/8 incelh sieve. The percent of cement determined fov this

portion of the sample was 3.5 pavceent; the reason being

(o)

that cewm~nt tends to ho conzentrated in the fines,

e
: -

[
[ 98]

i 2

shiows Low this can affect the test.

et T AT
COMNTISTIONYS

the chov eapTriments InTLoate Lo Lbhiere Ao sotawe b

K - S T N * . y . A T
vhich coald boove affected the o L dib oL o f the
per i inent wodote ave o Toito

ClibPD www fastio.com
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b,

Wi fastio.com

e

Differences in aggregates can cause a large
error in test results unless compencsated for
by determining calibration curves on similar
material. ‘

when the calibration curve is establishcd by
one operator and the actual testing is
performed by anothey, the test result will
often be in exror.

Differences in moisture (6 to 8 percent) and
sn loose curing time (1/2 to 1 hour) do not
cause any errars of significauce.

An cxperienced, conscientious operalor can
reproducc his test results satisfectorily.
The importance of carcful samplc preparation
should not be underestinated.  There were

indicaticens that pooyr gampling o Sawple

T

preparation ccecurrod on the project, L.¢.,

»,

Gradings on Migure G

€ L Y
(O L N
et o \ 1 5 - s Y,
Ccl-j}lﬂ-‘t)““ Lt < M P G R :
by the o v T
v U
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x4

Semples should be procured aﬂd processed in
a careful manner to assure that the sample
actually rcpresents the material.

For tnis résea;ch project use only those
results where the same operator performed
the tests and established the calibration
curve., {100 tests as reported in Figure 1A}

All other tect results should be discarded.

astio.com
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Figure |

SUMMARY RESULTS

Project | Project2 Project3

(Adjustad)
ARITHEMATIC MEAN (X) 2.46 3.78 3.02
MATERIAL VARIANCE (0R%) 0.086 0.221 0.058
SAMPLING VARIANCE (05%) 0.087 0.077 C.008
TESTING VARIANCE {07%) 0.020 0.029 0.0!4
OVERALL VARIANCE (0°%) 0.153 0.327 0.078
OVERALL STANDARD DEVIATION () 0.391  0.57i 0.279
NUMBER OF OBSERVATIONS (N) 184 100 200

MATERIAL VARIANCE {1
SAMPLING VARIANCE [ ]
TESTING VARIANCE I

o
w

O
N

o
L)

VARIANCE
Percent of Cement in CTB

i m 2
e 2

{Adjusted)

PROJECT NO.
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Figure 2

30r
201 o H
5 PROJECT |
5 - ] PLANNED CEMENT CONTENT
3 VARIES USUALLY 2.4%
w LOWER LIMIT | [{ UPPER LIMIT
£ ol X=2.46
=039l
n=124
» i
ol 14 rﬂ-rr | —
1O 20 30 4.0
CEMENT CONTENT - PERCENT
UPPER LIMIT PROJECT 2
10 LOWER LIMIT (Adjusted)
>- +
L PLANNED CEMENT CONTENT 40%
w
g il Feos7
=0, 1
4
. £l . 1 mH L{Th 22100
10 20 30 40 50
CEMENT CONTENT~PERCENT
401 s
PROJECT 3
PLANNED CEMENT CONTENT 3.0%
30p %=3.02
. g =0.279
. - n=200
o
= -
3 20¢ 5
Q
S -
14
ke,
10 LOWER LIMiT —*] ~+— UPPER LIMIT
0 3 1 f'[l' l I {1 i
G 20 30 40 5.0

CEMENT CONTENT - PERCENT,
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PERCENT OF MATERIAL OUT OF SPECIFICATION (individua! ohservation)

10

40

30

2C

10

Figure 3

PERCENT OrF MATERIAL OUT OF SPECIFICATIONS
VARICUS ASSUMED ACCEPTANCE LIMITS

BASED ON ASSUMPTION THAT MATERIAL
IS NORMALLY DISTRIBUTED
PROJECT | 0 =0.391

PROJECT 2 ¢ =0.571
(Adjusted)

‘PROJECT 3 0=0.275

1

PROJECT 2 (Adjusted)

[}

PROJECT |

PRESENT LIMIT

PROWJECT 3

AT

! L N’%wmno L
+0.4 +0.5 *06 +07 0.8 *C.¢S
ASSUMED SPECIFICATION LiMITS
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EHhPD!

% OF TESTS SHOWING DEVIATIONS EQUAL TO

Figure 4

BATCH PLANTS

A CHART DEMONSTRATING THE IMPROVEMENT IN
CTB CEMENT DISTRIBUTION WITH THE ADVENT OF
THE JAN 19260 STD. SPECS. AND THE USE OF
THE TITRATION TEST AS THE METHOD OF CONTROL

100
)--"'""'<L

90
AFTER / /
_'—-\v

JAN. I, 1960

80 7
ANV

70 /

h g
\
>

JAN. [, 1960

60 ;
| /V‘\,__ BEFORE

50

40

30

PLANT MIX
SPEC, LIMIT

OR LESS THAN INDICATED DEVIATION

20
DISTRIBUTION OF TEST DATA
=
f PERIOD NO. OF NO. Of
0

PROJECTS| TESTS

BEFORE JAN 19€0

387 =
(1958 - 539) e

AFTER JAN {960
(1980-61-62 INCL)

TOTALS 42 1322

] I
% +0.2 04 +06 08 +1.0

DEVIATION FROM PLANMED CEMENT CONTENT

27 735

-
ITYAY
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Figure 6
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Figure |A
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Figure 2 A

TITRATION TEST ON PROJECT 2 AGGREGATE

5 //3
7
A/ //
— /V
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- N 7
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Ll r? ¥y
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o N/ /&
3 Yt S
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E xol 4 v v
i 7 S A
= / 7 oo
Ll 1/ YR
©1 7 7,9
/ /
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Y/ S
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0 ! 2 3 4 5

PLANNED CEMENT CONTENT (%)

3000 GRAM SAMPLES PROPORTIONED DOWN
TO 200 GRAM TEST SPECIMENS.
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i -

CONSTANT NEUTRALIZATION TEST
66-1752

61% PASS 3/8"

P St r—— — " i——— ——  — — —

51% PASS z/8"

4 i v
41% PASS 3/8" /i
T , 7 |

I
I
I
S |
e l
- /i | |
:: ]
E / | | |
o | | | |
c yd R
-2 i
w / |
o |
5]
|
! V4 | |
|
.
| | h
0 10 20 30 40 S0

HYDROCHLORIC ACID (gm.)

VARIATION IN CEMENT CONTENT FROM 4% CEMENT
CAUSED BY VARYING THE GRADING.

TESTS PERFORMED ON 3CO GRAM SAMPLES PREPARED
FROM 3000 GRAM SAMPLES.
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